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JUAN E. MIACKINNON AND RICARDO C. ARTAGAVEYTIA-ALLENDE Trichosporon Behrend in the subfamily Mycotoruloideae and, in a very short paper (1940) , they announced that they admitted 23 species in the genus Can- t These strains were not personally studied and the data recorded are taken from Langeron and Guerra.
dida. We cannot offer an opinion about Diddens and Lodder's species until their descriptions are published in detail. We studied 14 of the 16 species of Langeron and Guerra and also several strains of Candida stellatoidea, using the methods of those authors. However, less, our conclusions are not unlike those of the French authors; we admit all their species except Candida triadis and C. aldoi, which are synonyms of C. albicans as stated by Conant, and we add to their list Candida stellatoidea and C. macedoniensis. Other species do not merit inclusion in the genus.
In table 1 we summarize the biochemical characteristics of the species admitted by us in accordance with our own experience. In table 2 we compare our conclusions with those of Langeron and Guerra, and those of Martin and Jones. II. METHODS Isolation and purification of cultures. The cultures were purified by streaking on Sabouraud's agar plates.
JUAN E. MACKINNON AND RICARDO C. ARTAGAVEYTIA-ALLENDE
Optimal temperature. This was determined by placing the cultures at three temperatures: 20 to 25 C, 25 to 30 C, and 37 C. This is a very important step in the study of a strain because the biological characteristics must be studied at the optimnal temperature. Candida brumpti does not grow at 37 C, and other species growv badly.
Appearance of growthl. It w<as studied in 2 per cent glucose, 1 per cent peptone broth and on Sabouraud's agar; sometimes also in beer wort and on beer wort agar.
Morphology. Slide cultures gave us, in general, good results. Tw,,o media were used: 2 per cent glucose, 1 per cent peptone soft (0.6%O) agar and potato soft (0.6%) agar. The slides were inoculated and placed during 6 days in the incubator at 25 to 30 C in petri dishes, dried, then covered with a thin collodion film and afterwards colored with aqueous 0.2 per cent erythrosine, 1 per cent orange G, or with a 1 per cent cotton blue (CBBBI3 Poirrier) solution in Amman's lactophenol.
Production of ascospores. This was investigated on Gorodkowa's agar, on potato and carrot slices, and on sterile blocks of plaster of Paris moistened with sterile saline. These cultures were placed at 15 to 20 C and were examined during two months in films dried in the air, then passed through a flame 3 or 4 times, and stained with carbol fuchsin at 100 C for five minutes, waslhed with water, destained wi-ith 2 per cent lactic acid alcohol for a fewv seconds, counterstained with Nile blue and afterw-ards with India ink (vide Langeron and Guerra's paper).
Growth in ethyl alcohol. The medium recommended by Lodder was used (magnesium sulphate 0.05 g, potassium dihydrogen phosphate 0.1 g, ammonium sulphate 0.1 g, and distilled water 100 ml). Three per cent alcohol was added to one tube just before use, and nothing to the other, and the resultant growths were compared.
Fermentation tests. These were performed in 1 per cent peptone wtith 4 per cent of sugar, in tubes sealed with paraffin, at 25 to 30 C. The tubes were observed during 20 days.
Assimilation of nitrogen. The auxanographic procedure vas used with the medium recommended by Lodder (glucose, 2 g; potassium dihydrogen phosphate, 0.1 g; magnesium sulphate, 0.05 g; agar, 2 g; distilled water, 100 ml).
When the auxanographic method did not give clear results, we used Lodder's medium with 1 per cent of the nitrogen compound in tubes, and the growth on the surface was compared wvith that of a culture on Lodder's medium without any nitrogen compound.
Assimilation of sugars. The same auxanographic procedure was used almost always, but sometimes it failed to give good results. We then enmployed Laurent's liquid medium with 2 per cent of the sugar to be tested (ammonium sulphate, 4.71 g; potassium dihydrogen phosphate, 0.75 g; magnesium sulphate, 0.1 g; and distilled wvater, 1 L). The comparison of growvths in this medium tested with and without the sugar indicates the capacity of a species to utilize the sugar.
Experimental virulence. We inoculated rabbits intravenously with 500 to 1,000 millions of blastospores of a culture on Sabouraud's glucose agar. A fresh culture of 24 to 48 hours must be used. If the rabbits died within 2 to 5 days after inoculation, with small and numerous abscesses of the kidneys ("systemic" or "disseminated lesions"), we said that the strain had a "first degree," or high, virulence (Mackinnon and Rodriguez-Garcia, 1935) . If the rabbits did not die, we killed them on the tenth day after inoculation, and if they showed lesions of the tubes of the kidneys ("elimination lesions"), we said that the strain had a "second degree," or low virulence. If the rabbits sacrificed on the tenth day after inoculation did not show any lesion, and the cultures from the kidneys failed to show any growth, we said that the strain examined was not virulent.
Action upon gelatin. It Nas observed during two months. The microscopic appearance of this species was thoroughly studied by Benham (1931), , Wickerham and Rettger (1939) , Studt (1941) (Mackinnon, 1936 (Mackinnon, , 1940a (Mackinnon, , 1940b : the "lethal variant" described by Negroni (1935) as an "R" form, and the "membranous variant" described by us. Mackinnon (1936) stated from the very beginning of his experinments that his "membranous variant" was quite different from Negroni's variant; the "membranous variant" is homologous to the "R" form of bacteria and may be considered as a real "R" form. On the other hand, Negroni's variant cannot be considered as a true "R" form and may be related to the "lethal races" produced by Krassilnikov (1934) and Nadson (1937) from Saccharomyces cerevisiae.
The "lethal variant" is characterized by a slow rate of growth, by a great diminution or even a total loss of the experimental virulence, and by difficulty in production of mycelial growth. The cultures must be transferred every month, otherwise they die.
The "membranous variant" is characterized by the elongation of the blastospores into filaments (pseudofilaments), by the spiky and hard appearance of the cultures, by the production of a veil in liquid media, and by a diminution of the experimental virulence (2d degree).
Since between the normal form and the more accentuated (lethal and membranous) variants there exist intermediate variants, Mlackinnon preferred to describe "directions of variation" rather than singular variations. Mackinnon also demonstrated that the membranous and the lethal variations may be produced in the same strain, which gives rise to variants which combine lethal and membranous characteristics ("lethal-mernbranous" or "lethal-R" variants).
We have not observed total or partial reversions from the lethal to the normal form although our observations have been extended over a period of 5 years. Partial reversions from the "R" to the normal or "S" form have been observed. The reverted forms, however, were unstable and tended to turn back again to the "R" form. Only once did we obtain a fixed "S"-like reversion, but the experimental virulence remained at a low degree (2d degree). Consequently, we have never observed a total reversion of the variants of Candida albicans after 5 to 7 years of observation, and both the "R" and the "lethal" variants are sufficiently stable to be considered true variants or mutants. Langeron and Guerra (1939b) denied the real existence of dissociation. We think that the French authors have confused true dissociation or variation with nonhereditary changes of the appearance of the cultures on different media or on media the pH of which becomes alkaline. Langeron and Guerra cited the experiments performed by Teissier (1897) , who obtained smooth growths on acid media, and membranous, rough cultures on alkaline media; wve agree that this phenomenon cannot be considered as a dissociative variation or as a mutation because these smooth and rough appearances are not fixed and persist only as long as the media are acid or alkaline.
We have also observed that the capacity of Candida albicans to ferment maltose may be periodically lost. This phenomenon has been observed in three strains, including strain 606 named Candida aldoi. Martin and Jones (1940) observed irregularities in the ability of C. aldoi to ferment maltose, and Conant claimed that C. aldoi gave C. albicans fermentations after smooth colonies were isolated. Langeron and Guerra have written that C. aldoi is different from C. albicans SO-CALLED GENUS CAvNDID.A ERItKHOUT, 1923 becauise it (toes not assimilate urea, but wxe lhave found that C. albicans also does Inot assimilate urea. C. aldoi produices chlamydospores. Consequently, in agreement with Conant we think that C. al(loi must be considered as a synonym of (C. albicaiuts. The culture w-hich x-e hav-e studlied was in the "R" form and hadt a second degree experimental virulence.
(Candida triadis (Langeron and Talice) is admitted as a goodl species by Langeroni an(I (literra, Nho, nevertheless, say that it is v-ery similar to C. albicans. 'T'he French authors stated that C. triadis is at goo(l species because it is more deeply yellowNish than C. albicans and procllices a mucous v-eil in liquid media, and because the blastospores are elongated. AMoreover, it produces a partial veil in the ethyl alcohol medium; it has a second(ldegree experimental virulence (and produces; typical chlamydospores siimiilai to those of C. albicans. We think that C. triadis is a variant of C. albicauis, inteirmediate between the "S" and the "II" forIms.
2. Candida stellatoidea (Martin, Jones, Yao, AWre haxve obtained, through dissociation, 'S" andl R" colonies, but they are not so easily differentiated as similar variants of (C. albicans, because the "S" form of C. stellatoidea produces filaments very easily. On Sabouraud's agar, the "S" form lproduces a smoother growth thain the 'R" form (figures 1 and 2).
Tlhe true mycelium is rather abundant even in the "S" formm and we have observ-ed the prcduction of appressorialike strutcttures. T'he chlamydospores are similar to those of C. albicans (figure 3). LIangeron and Guerra (1939a) claimed that they ha(l isolated: a strain of C. stellatoidea; the auxanogram of this str'aini was positive with suicrose, but the experimental virulence was not studied. Wre thiinik that Langeron ancl Guterra (lealt with the "R" form of C. albicans andinot with C. stellatoid(ea.
3. Candida tropicalis (Castellani) Berkhout, 1923 Cultures studied. Monilia tropicalis, Castellani's strain, Ross Institute.
Cauidida tropicalis, Langeron's strain 255. Cauidida tropicalis, strain 360 isolated in AMontevideo from paronychia. Candidal tropicalis, strains 334 geron and Talice; sometimes we saw short chains of a few blastospores instead of single blastospores. Some strains produce more hyphae than others. True arthrospores and even appressoria may be seen (figure 4). All strains showed a low experimental virulence (2d degree), and sometimes we had to inoculate several rabbits in order to observe various scarce and small lesions in the kidneys.
The auxonogram with urea is negative when new bacto agar is used in the preparation of the medium, but positive results were obtained when reclaimed agar was used.
4. Candida pelliculosa Redaelli, 1925 Culture studied. Redaelli's strain received from Langeron. This species ferments the same sugars as C. tropicalis but the auxanogram with ammonium sulphate is negative. It is not virulent for rabbits and produces filaments with great difficulty.
Langeron and Guerra stated that the auxanogram with asparagine is negative, but our results were always positive. Diddens and Lodder (1939) believe that C. pelliculosa is the imperfect stage of Hansenula javanica (Groenewege) or of Hansenula anomala (Hansen) . These yeasts ferment raffinose and assimilate nitrates, whereas C. pelliculosa fails to show these characteristics.
We think that C. pelliculosa is nearer to the genus Torulopsis than to the genus Candida.
5. Candida intermedia (Ciferri and Ashford) Culture studied. Ashford's strain received from Langeron. As stated by Conant this species is indistinguishable from C. tropicalis in the tests used by Martin and Jones (1940) . Nevertheless, C. intermedia is very different from C. tropicalis because it grows very poorly at 37 C and is not virulent for rabbits, and because its auxanogram with lactose is positive. We think that this species is not important from a medical standpoint.
6. Candida krusei (Castellani) (Mrak's strain 179) . One strain isolated in Montevideo from grapes and another from red wine. Two strains isolated in Bolivia by F. Veintemillas from the Indian beer named "Chicha" (strains 772 and 774 from our collection). One strain isolated in Montevideo from sputum and another from the normal skin of a man (575). One strain isolated with C. tropicalis from a case of bronchomoniliasis in Montevideo. One strain received from Langeron.
The growth on solid medium is flat, dry, or with slight brilliancy during the first days. In liquid media all the strains produced a characteristically smooth or faintly corrugated surface film which extended up the sides of the tube to a distance of 5 to 8 mm above the surface of the liquid.
True mycelium wvas never observed. The pseudomycelium consisted of hyphal elements, usually fromn 5 to 50 Ai long (figures 5 and 6). The distal end of each element produced blastospores wvhich tended to become oval or elongated.
If the blastospores were short, a mycotoruloides type of growth was observed, but if they became elongated, treelike mycelial structures wi-ere observed. We have never seen chlamydospores.
The auxanographic method did not produce valuable information about the utilization of sugars, and we were obliged to use Laurent's liquid medium. In this medium, with 2. per cent glucose, we observed the formation of a thick film; with maltose and galactose a thin film was observed; and no film was produced with sucrose, lactose, or raffinose. Consequently we think that C. krusei utilizes glucose, maltose, and galactose.
Langeron and Guerra, on page 53 of their excellent paper, stated that a strain named Ml1onilia inexpectata produced four-spored asci. Talice and Mackinnon (1934) had named this strain Mycocandida inexpectata (Mazza, Nifno, and Egiuez). On page 483 Langeron and Guerra declared that they had studied a new strain of Mycocandida inexpectata, received from Talice and Mackinnon, which did not produce asci; this strain was considered identical with C. krusei. It is quite evident that Langeron and Guerra believed that they had worked with two different strains, but we have had in our laboratory only one culture of Monilia inexpcctata, wh-hich we later named M1ycocandida inexpectata. Consequently, Langeron and Guerra observed asci once and did not observe asci any other time in the sanie strain, which they considered as C. k7rusei. We have carefully investigated the production of asci in the strain named Al. inexpectala and we have never found them, but we found asci in another strain which wve have identified as C. krusei and w-hich w-as isolated by us from normal skin. The asci were extremely scarce and showed four round spores. We think that C. krusei is able to produce ascospores only under rare conditions. Some of our strains wi-ere isolated from wine and fermented liquids. Had We not had a medical mlycological training wve should have recorded these strains as Mycoderma cerevisiae Desmazi6res. In the genus Mycoderrna sensu Leberlewe believe that Lodder includes species whose microscopic appearances are verysimilar to those of C. krn.sei. Nevertheless, these species would fail to ferment! sugars; on the other hand, Guilliermond (1920) stated that some strains of M1. cerevisiae produce small amounts of alcohol. Our strains named C. krusei fermented glucose very slowly, sometimes only after 0r days, and they always produced small amounts of gas, only one or two ml. In 1 per cent glucose medium we very often could not observe the production of gas. We believe it is not possible to distinguish C. krusei from Mycoderma cerevisiae. Stovall and Bulbolz (1932) also stated that Mlonilia krusei was a Mycoderma.
The finding of asei by Langeron and Guerra and by us in tAvo strains is very important. These two strains could be placed in the genus Pichia Hansen, and very close to the species Pichia alcoholophila Kloecker. Stelling-Dekker (1931) said that P. alcoholophila does not ferment glucose, whereas Kloeeker stated that it has a low powver of fermentation of glucose; yet both Stelling-Dekker and Kloecker dealt with the same strain. Stelling-Dekker did not find asci, but Kloecker described asci. This discordance may be explained by the loss of a characteristic or by the fact that the asci are produced only under very exceptional conditions. Consequently, we consider that the imperfect stage of Candida krusei may be identified with a Mycoderma and that the perfect stage belongs to the genus Pichia.
7. Candida parakrusei (Castellani) Cultures studied. Monilia parapsilosis, Ashford's strain. Mycocandida parakrusei, strain received from Langeron. Monilia onycophila, Pollacci and Nannizzi's strain received through Langeron. One strain received from P. Negroni (Argentina). One strain received from G. B. Schouten (Paraguay) and isolated from the vagina of a woman. One strain isolated from the normal skin and another from a case of onychia in Montevideo. This is a well-known species. It does not produce true mycelium and chlamydospores and is not virulent for rabbits. We did not observe dissociation or spontaneous hereditary changes. The auxanogram with urea is negative when the medium is prepared with new bacto agar and positive when reclaimed agar is used.
8. Candida guilltiermondi (Castellani) Cultures studied. Monilia guilliermondi, Castellani's strain. One strain received from Negroni with the name Candida chalmersi, and one strain isolated from sputum in Montevideo. On solid medium the colonies are smooth and lustrous, but sometimes a few radial furrows may be seen. Langeron and Guerra described a veil in liquid medium; we observed neither veil nor ring. They also stated that C. guilliermondi does not utilize maltose; we obtained positive results. It is rather difficult to obtain formation of filaments on slide cultures. One strain produced good filaments with verticils of small blastospores about 1.5 to 2.5 ,u in diameter, but we also observed larger blastospores.
9. Candida chalmersi (Castellani) Basgal, 1931 Cultures studied. Candida ch.almersi, Mrak's strain 124 isolated from Kadota figs. Candida chalmersi, Mrak's strain 210 isolated from dates.
The cultures on solid medium are creamy white and become darker with age; they are soft, smooth, and lustrous, but after 2 to 4 weeks thin and irregular furrows may appear. In liquid media a smooth and dry veil is formed. It is difficult to obtain filaments on slide cultures, but in the depth of the solid medium we could study treelike structures. Some strains produce abundant pseudoconidia which may form a sheath around the filaments. We also found several round and thick-walled cells about 6 to 7 ,u in diameter. We believe these cells to be chlamydospores.
We were able to dissociate one strain (culture 813) into two variants. One variant differs from the other in that it produces more filaments and the cultures on solid medium are rougher; we believe that this variant may be related to an "R" form. Some authors think that C. chalmersi is a synonym of C. parakrusei, but C. parakrusei does not ferment sucrose nor produce a film on the surface of liquid media. Mrak, Phaff, and Vaughn (1942) stated that their strains utilized urea and fermented raffinose; a strain obtained from Langeron also utilized urea, although Langeron and Guerra stated that urea was not utilized. The strains which we have studied were received from Mrak and utilized neither urea nor raffinose. The differences between our results and those of Mrak, Phaff, and Vaughn may be due to the different quality of the products with which we have experimented. The growth on solid medium is soft, shiny, smooth, creamy white. The edges are translucent. On liquid medium, neither veil nor ring is produced. The central portion of the cultures consists of round or oval blastospores (2 to 6 x 3 to 4 4). The periphery shows abundant pseudofilaments wvhich may form microscopic, coremiumlike structures. These filaments produce few blastospores and are levogyre.
C. macedoniensis produces acidification and clotting of milk; it utilizes inulin but not maltose. Castellani (1937) and Diddens and Lodder (1939) say that it ferments inulin, but our results were negative.
11. Candida pseudotropicalis (Castellani) Basgal, 1931 Culture studied. Candida mortifera, Redaelli's strain received from Langeron. On solid medium the growth is soft, flat, smooth and shiny, and creamy white. In liquid medium neither a veil nor a ring was observed. On slide cultures the filaments produce treelike structures. Langeron and Guerra stated that galactose was not fermented, but our results were positive; this difference is not an important one. Diddens and Lodder (1939) demonstrated that C. pseudotropicalis should be considered as the imperfect stage of Saccharomyces fragilis Jtrgensen.
12. Candida brumpti (Langeron and Guerra) Cultures studied. Blastodendrion brumpti, Langeron's strain. Candida ravanti, Langeron's strain.
The growth on solid medium is smooth, shiny, soft, and with an undulant edge which becomes filamentous at the upper part of the tube. In liquid media a thin film is observed. On slide cultures we were unable to obtain good filaments. In old cultures on Sabouraud's agar we usually observed good filaments; we found a true mycelium and a pseudomycelium about 1.75 to 2.5 , p on October 17, 2017 by guest http://jb.asm.org/ Downloaded from in diameter. The blastospores are produced by the sprouting of the filaments; sometimes they form short chains. A branch of the mycelium may give rise at its end to 2 or 3 chains of blastospores. Some blastospores are rather elongated. Verticils of blastospores may also be occasionally observed. Some filaments produce pseudoconidia. We also found chlamydospores about 6 to 10 , in diameter.
Langeron and Guerra observed smooth colonies of round or oval cells and corrugated colonies consisting of elongated cells. We were able to dissociate a strain and obtained smooth and rough cultures. Langeron and Guerra stated that C. brumpti has a weak fermenting power; our results were negative.
Some authors believe that C. brumpti is a synonym for C. parakrusei. We do not agree because C. brumpti does not ferment glucose; it does not grow at 37 C; it does not utilize sucrose; and it produces true mycelium and chlamydospores.
13. Candida flareri (Redaelli and Ciferri) Culture studied. One strain isolated from a case of paronychia in Montevideo, together with Rhodotorula mucilaginosa.
The cultures on solid medium form a thick, soft, and creamy white film. This growth is smooth during the first days, but very soon some radiating and superficial furrows appear. These furrows limit sectors which vary in depth of pigmentation. After several weeks the center of the giant colonies showed some verrucosity. Filaments may be seen occasionally around the upper parts of the cultures. In liquid medium a partial mucous veil may be observed. We could not obtain filaments on slide cultures. On Sabouraud's agar, we sometimes observed a branched pseudomycelium which recalls the "mycocandida" type of Langeron and Talice. Some filaments show terminal chains of blastospores. Our strain did not ferment any sugar. The auxanogram with sugars is identical with that observed by Langeron and Guerra. In Laurent's medium we obtained the same results only when thiamine was added to the medium. In Laurent's medium without thiamine, no differences were observed between the tubes with sugars and those without sugars. This experiment demonstrates that our strain has a thiamine requirement. The auxanogram with urea was negative, but when we added to the medium heated cells of Saccharomyces cerevisiae or of Rhodotorula mucilaginosa (from a culture on Sabouraud's agar), we obtained a positive auxanogram for urea. The addition of thiamine instead of yeasts did not produce the same results. These experiments seem to show that our strain has several deficiencies.
Our strain was isolated from onychia. The cultures of this case produced two different types of colonies: (1) numerous red colonies which were identified with Rhodotorula mucilaginosa; (2) a few white colonies which we have identified as C. flareri. R. mucilaginosa may produce mucoid, smooth, or rough colonies, and we have observed that even the mucoid or normal form may produce filaments similar to those we observed in Candida flareri. Nadson and Philippov (1928) obtained from Rhodotorula glutinis races which were characterized by discoloration. We have obtained from R. mucilaginosa pale races.
Our experiments show that R. mucilaginosa and C. flareri utilize exactly the same sugars. The auxanograms are identical even when a minor detail, such as the weak assimilation of galactose, is taken into consideration. In Laurent's liquid medium it was necessary to add thiamine in order to obtain good growth of R. mucilaginosa. The utilization of urea by R. mucilaginosa was negative in the synthetic medium recommended by Lodder, but when dead cells of the same strain (from cultures on Sabouraud's agar) were incorporated in the medium, the auxanogram with urea became positive. Moreover, R. mucilaginosa may produce some long and filamentous growth in the depth of the agar.
It is evident that many similarities exist between the strain which we called Candida flareri and the species Rhodotorula mucilaginosa. The only difference which we found is that C. flareri is white whereas R. mucilaginosa is red because of a carotinoid pigment; but this characteristic of the Rhodotorulaceac may be lost as we have seen above. Moreover, we must not forget that the only strain of C. flareri which we have isolated was found together with R. mucilaginosa. All these facts suggest that C. flareri is an unpigmented variant of the "S" form of R. mucilaginosa.
14. Candida suaveolens (Lindner) Langeron and Guerra, 1938 Culture studied. Neogeotrichum pulmoneum. Magalhaes; the Magalhaes strain received from Area Leao.
We have identified with this organism the strain named Neogeotrichum pulmoneum or Oidium brasiliense by Magalhaes. Magalhaes claims that this species produces bronchomycosis (1918, 1929, 1932) . The colonies grow rapidly. The cultures on glucose agar are cream-colored; they have a membranous consistency and show deep and irregularly arranged furrows which produce a cerebriform aspect. In liquid media a membranous veil is produced. Filaments are easily obtained on slide cultures. The pseudofilaments (2 to 3 ,u in diameter) are built up into short and long segments. The short segments predominate at the end of the pseudofilaments. Each segment sprouts at its distal end and produces 2 or 3 blastospores. The segments of the filaments adhere one to another and may simulate arthrospores. The branches of the filaments adhere also to the main filament and sometimes the general aspect is that of a feather that has been introduced into water (figures 7, 8, and 9) .
The biochemical properties are summarized in table 1. We also observed liquefaction of gelatin. The following tests were negative: liquefaction of Loeffler's serum, production of indole and ammonia, reduction of nitrates, hydrolysis of starch, and the Voges-Proskauer test.
Langeron and Guerra described mucoid, smooth, and membranous colonies and observed several changes. The strain of Magalhaes has been studied in the "R" or membranous form.
Puntoni considers that C. suaveolens is a Trichosporon. We think that this is not justified because C. suaveolens does not produce true arthrospores.
We have asked several laboratories for strains of Neogeotrichum pulmoneum and received seven cultures which we identified as Candida tropicalis (four 
